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Design of Low Noise Engine Cooling Fan for Automobile using DACE Model
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ABSTRACT

This paper proposes an optimal design scheme to reduce the noise of the engine cooling fan by adapting Kriging with two
meta-heuristic techniques. An engineering model has been developed for the prediction of the noise spectrum of the engine
cooling fan. The noise of the fan is expressed as the discrete frequency noise peaks at the BPF and its harmonics and line
spectrum at the broad band by noise generation mechanisms. The object of this paper is to find the Optimal Design for Noise
Reduction of the Engine Cooling Fan. We firstly show a comparison of the measured and calculated noise spectra of the fan for
the validation of the noise prediction program. Orthogonal array is applied as design of experiments because it is suitable for
Kriging. With these simulated data, we can estimate a correlation parameter of Kriging by solving the nonlinear problem with
genetic algorithm and find an optimal level for the noise reduction of the cooling fan by optimizing Kriging estimates with
simulated annealing. We notice that this optimal design scheme gives noticeable results. Therefore, an optimal design for the

cooling fan is proposed by reducing the noise of its system.
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Table 1 Input factors and levels

Input factors Levels

A Chord length at tip[m] 0.215 0.240

B Chord length at hub[m] 0.080 0.095 | 0.110
c Tip Diameter 0.63 064 | 0.65
D Hub Dia. / Tip Dia. 41% 43% | 45%
E Attack angle 3.36 436 | 5.36
F | Setting angle at tip[degree] 28 30 32
G | Setting angle at hub[degree] 41 43 45
H Flow rate 315 317 319

Table 2 Parameter design using orthogonal array
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Table 3 Optimal correlation parameter

NO|A|B|C|D|E|F|G|H Overall SPL
1 1(1]|1j1|1(1]1}1 SPL1
2 11|22 |2|2|2]|2 SPL 2
3 1113|133 |3|3]3 SPL3
4 1121 11(2|2|3]|3 SPL4
5 1121212 13|3|1]|1 SPL5
6 112|313 |1|1]2]|2 SPL6
7 113|112 |1|13|2]|3 SPL7
8 113|213 |2|1|3]|1 SPL 8
9 11331 ]3|]2[|1]2 SPL9
10 (2 (11|33 |2|2]1 SPL 10
mj2 (121|113 |3]2 SPL11
12 |2(1|3|2|2|1|1]|3 SPL 12
3|12 (2|1]2|3|1|3]|2 SPL 13
14 (2122|312 |1]3 SPL 14
5 (2123|123 |2]1 SPL 15
16 (231|323 |1]2 SPL 16
7 {21321 |3|1|2]3 SPL 17
18 (2 [3]3]2[1]2]3]1 SPL 18

A B Cc D

Correlation

0.1057 | 0.2103 1.4393 | 0.1177
parameter

E F G H

Correlation

0.1185 | 0.0177 0.0172 | 0.0015
parameter
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Table 4 Optimal level of the fan

A B [ D
Level 0.240 0.080 0.063 0.45
E F G H
Level 5.185 29.9 41 315.8
AolA AE Add FqF54e AFE o] &t
A7 AFEAS o] gste] #MoA o HAFES
AbEstE 919 el Ak gad EAPIHS A
GA ZVNE T &= 1, 281 &% 348 W
& YRS wEEE] @ Tr & 0.9999,
ALE Tmin < 10—-6 02 3}t
3.2 2|XM3} stol AlS2o|M
Aol A 3 HHFFES gLt Ar3S A
EHoldste] Ad3E Atk SPL #S A= 4
= Fig. 3 3 o, SPL 9 ##o] 66.4dB &
A A AFAART 5.2dB F4Y s oA
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Fig. 3 Simulation results of overall SPL from Kriging
method and current experiment
(doted line: original, solid line: optimum)

Table 5 Comparing before and after Kriging based on

DACE model
Condition Overall SPL (dB)
Current (before) 71.6
Kriging (after) 66.4
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